Effects of Rubrene Concentration on Luminous Chatacteristics of Organic EL Devices by Hayama, Koji et al.
Mem. Fac. Eng., Osaka City Univ., Vol. 46, pp. 21-25 (2005)
Effects of the Rubrene Concentration on Luminous ~haracteristics
of Organic EL Devices .
~ cA ~ r] .'1 tC? I :A' ,')ilojila~MA *, f:~fvIfi'hWA ** and Mi~t~ Kuili~RAKI* **
(Received September 30, 2(05)
Synopsis
Organic electroluminescent (EL) devices were fabricated using poly(N-vinylcarbazole) (PVK) films doped
with 5,6,11,12-tetraphenylnaphthacene (rubrene). Effects of the rubrene concentration on the electric cur-
rent and luminous characteristics of the EL devices were investigated. The efficiency of the devices showed
0.714cd/A at 4.2wt.% rubrene concentration and the Commission Intemationale de l'Eclairage chromaticity
coordinates (x, y) changed from (0.224, 0.181) to (0.493, 0.501) as the rubrene concentration increased.
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1. Introduction
An organic EL device has been studying for application to a thin flat-panel display of the next generation
since it was reported by Tan and VanSlyke in 1987 1,2). It has severa] characters, for example, a high luminance
at low driving voltage, self-luminous, etc.
Organic materials are generally classified into two classes, the low weight molecular material and the
polymer3). The organic EL device using the polymer is prepar~d by the spin-coating method, which is very
simple method. The device using the polymer is superior to the one using the low weight molecular material
because the spin-coating method is required neither large-scale equipment nor a high vaccum process needed
for fabricating the device using the low weight molecular material. Moreover, spin-coating method makes the
dye doping possible. The dye doping method is used for the change of luminescence color and the improvement
of EL efficiency4) •
In this paper, organic EL devices using PVK films doped with rubrene were fabricated and the effect of
rubrene concentration on luminous characteristics of the devices were investigated.
2. Experimental
Figure 1 shows the mo~ecular structures of PVK, rubrene, (2-(4-Biphenyl)-5-(4-tert-butylphenyl)-1,3,4-
oxadiazole (PBD) and poly(styrenesulfonate)/poly(2,3-dihydrothieno(3,4-b)-1,4dioxin) (PEDOT-PSS) used in
this study. .
The concentration of PVK and PBD in chloroform was 6 gil respectively, and that of rubrene in PVK
was changed from Owt.% to 12.73wt.%. Rubrene-doped PVK thin films (60nm) were prepared by the spin-
coating method, and AI-Li (99: 1wt.%) electrodes were formed by the vacuum vapor deposition in a vacuum
of 10-6 Torr. If a PEDOT-PSS layer (90 nm) was needed, spin-coating of the layer was carried out before the
organic layer spin-coated.
In order to investigate the effect of a PEDOT-PSS layer as a hole injection layer on luminous char-
acteristics, two kinds of devices described in Table 1 were fabricated. We describe single layer EL de-
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Fig. 1: Molecular structures.
Table 1: The conditions of devices fabricated in order to investigate the effect of a PEDOT-PSS' layer on the luminous
characteristics.
PVK [gil]
6.00
5.96
Rubrene [wt.%]
8.05
8.75
PBD[wt.%]
49.79
50.16
PEDOT-PSS
nonexistence
existence
vices as "ITO/pVK;Rubrene,PBD/AI-Li", and double layer EL devices with PEDOT-PSS as "ITO/pEDOT-
PSS/pVK;Rubrene,PBDIAI-Li".
Figure 2 shows a schematic diagram of a measurement system for current versus voltage and luminance
versus voltage characteristics of organic EL devices. A GP-IB programmer was,controlled through a GP-IB
interface by a computer, and DC voltage was applied to the devices. Voltage, current density and output voltage
from a luminance meter were taken in the computer through an Analog/Digital (A/D) converter. Figure 3 shows
a measurement system of a luminous spectrum~ The monochrome-ized emission. detected by a monochromator
and a photomultiplier was taken in the computer through the A/D converter. All measurements were performed
at room temperature in the atmosphere.
Fig. 2: Schematic diagram of a current and lumi-
nance measurement system.
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Fig. 3: Schematic diagram of a luminous s~ectrum
measurement system.
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(a) Luminance - voltage characteristics. (b) Current density - voltage characteristics.
Fig. 4: Luminous characteristics of the devices described in Table 1.
3. Results and Discussion
3.1. Effect of PEDOT-PSS layer on luminous characteristics
Figure 4(a) shows luminance versus voltage characteristics, and Fig. 4(b) shows current density versus volt-
age characteristics of the devices (ITO/PVK;Rubrene,PBD/AI-Li and ITO/pEDar-PSS/pVK;Rubrene,PBD/AI-
Li).
Current density and luminance increased by inserting PEDar-PSS layer as shown in Fig. 4. It is thought
that the hole injection became easy because of inserting a PEDOT-PSS layer so current density increased, and
the recombination probability of carriers increased because electrons were blocked by a PEDar-PSS layer so
luminance increased.
3.2. Change of the luminance characteristics with the rubrene concentration
. Figure 5(a) shows luminance versus voltage characteristics, Fig. 5(b) shows current density versus voltage
characteristics, and Fig. 5(c) shows luminance versus current density characteristics of the devices (ITO/PEDOT-
PSS/pVK;Rubrene,PBD/AI-Li).
The figures show that each characteristic was changed as the rubrene concentration was increased. Fig-
ure 5(a) shows that luminance increased until the rubrene concentration became 4.42 wt.%, then decreased as
the rubrene concentration increased. Figure 5(b) shows that current density decreased as the rubrene concen-
tration increased. Moreover, Fig. 5(c) shows that efficiency increased as the rubrene concentration increased,
then decreased after taking the highest value at 4.42 wt.%, like Fig. 5(a).
By plotting the luminance at a certain fixed current density to the rubrene concentration, change of effi-
ciency is shown clearly. Figure 6 is the graph which plotted the luminance at 200 mA/cm2 to the rubrene con-
centration. It is thought that luminance increased because the recombination probability of carriers at rubrene
molecules became high as the amount of rubrene dopes increased while concentration quenching did not hap-
pen. On the other hand, it is thought that luminance fell for concentration quenching if the amount of rubrene
dopes increased enough. In this study, we found that the optimal value of the rubrene concentration was
4.42wt.%.
3.3. EL spectra
Figure 7 shows EL spectra of the devices (ITO/PEDOT-PSS/pVK;Rubrene,PBD/AI-Li). The figure shows
that the peak near 430 nm decreased and the peak near 560 run increased as the rubrene concentration increased.
The peak near 430 nm is based on PVK or PBD, and the one near 560 nm is based on rubreneS,6). It is thought
that the carriers trapped at rubrene molecules increased as the rubrene concentration increased, therefore change
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Fig. 5: Change of the luminous and current density characteristics of the devices (ITO/pEDaf-
PSS/pVK;Rubrene,PBD/AI-Li) with the rubrene concentration.
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Fig. 6: Change of the luminance at 200 rnA/cm2 with therubrene concentration.
of the peak position was seen.
Moreover, Fig. 8 shows the ern chromaticity coordinates of the five devices (0 wt.%, 0.01 wt.%, 0.05 wt.%,
0.30wt.%, 8.75wt.%). The figure shows that luminescence color was changed from blue (0.224,0.181) to
yellow (0.493,0.501) as the rubrene concentration increased. It is also thought that the change took place for
the increase in carriers trapped at rubrene molecules.
4. Conclusions
In conclusion, a PEDOT-PSS layer as a hole injection layer in organic EL devices was effective in in-
creasing the luminous characteristics. The efficiency of the devices showed 0.7142 cd/A at 4.2 wt.% rubrene
concentration, and the eIE chromaticity coordinates changed from (0.2242, 0~1812) to (0.4927,0.5013) as the
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Fig. 7: Change of the EL spectra of the devices (ITO/PEDaf-PSS/pVK;Rubrene,PBD/AI-Li) with the rubrene concen-
tration.
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Fig. 8: crn chromaticity coordinates of the devices (ITO/PEDaf-PSS/pVK;Rubrene,PBD/AI-Li).
rubrene concentration increased.
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